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Iffvrta  «z«rt«4  «T«r  past  ••▼•rzl  yasra  ia  iavalap  tack' 
al4«ua  aad  ata&4ar4a  ia  allav  far  tka  eaapatamt  4aaifa  aad  caa- 
atmetiaa  af  aafiaaariaf  atmetaraa  la  rack  kara  la4  ta  tka  aatak- 
li^Baat  af  aararal  particular  aaekaaical  rack  prapartiaa  ia  paaitlaa 
af  praaiaaaca.  AccarAiag  ta  Okart  (9)*.  tkaaa  *Wat  lapartaat 
fjqraical  prapartiaa  far  4aal9i  pmrpaaaa  ara  dcaaity,  Taaaf'a  aadalaa, 
caapraaaira  atraaftk,  aad  flaxaral  atraaftk*** 

Tka  dataraiaatiaa  af  aack  pkyaical  prapartiaa,  accaa^Iiakad 
tkraai^  lakaratary  tar ' lag  af  aaaplaa  af  rack  cara  aad  field  taatlag 
af  partiaaa  af  tka  ia-aita  radi  aaaa,  ia,  aa  a rala,  gaita  tiaa  ca»> 
aasiag  aad  azpaaaira.  It  ia  far  tkla  raaaaa  tkat  carralatiaaa  af 
pkyaical  prapartiaa  af  rack,  aad  pradlctiaaa  af  aaa  praparty  fraa  aa 


already  datanaiaad  valaa  af  aaatkar  praparty,  akaald  ka  wasaadaaa 
aaaata,  praridad  tka  gaality  af  tka  carralatiaaa  ia  aack  tkat  tka 
alaaaat  af  daakt  ragardiag  taat  raamlta  aad  predicted  prapartiaa  ia 


aat  af  a aai^itada  aacaaaitatiag  aa  iacraaaa  ia  tka  factar  af  aafaty. 


Oaa  partlealar  aitaatlaa  ia  aklek  aack  carralatiaaa  vaald  praaa 
af  ralaa  ai|^t  kc  tka  alta  aralaatiaa  aad  oalactiaa  pragraai. 


*Vaakara  la  paraatkaaia  refer  ta  rafaraacaa  ir  tka  Bikliagrapky. 


kmtjming  ••▼•r*!  iiiuia  war*  b*ing  eoB*id*r*d  for  * porticttlor  ■tmc*' 
turol  *Dd*«Ter,  prtliaioorj  •lisinotion  »i|^t  wall  b*  fa*ilitaiad  if 
as*  ar  two  of  th*  laas  tia*  coasming  and  lass  axpaasiwa  physical 
tasta  would  yield  data  froa  which  ou*  could  rtaseaably  pradi*  - other , 
aor*  difficult  to  dateraiaa,  physical  propartias  to  be  used  lo  th* 
•raluatioB  and  eliainatioa  procasa.  It  is  also  possibl*  that  corr*~ 
latioBS  such  as  tbast..  if  of  sufficient  quality,  would  allow  for 
reduction  in  th*  rariaty  of  tasta  required  to  detaraina  th*  physical 
properties  now  daeaad  nacassary  for  ceapetant  design  and  eanstruc^ 
tiOB  in  reck  aedia. 

iaother  significant  ^plication  of  physical  property  carrala- 
tions  aight  be  th*  aliainatien  of  soae  destructiT*  physical  tasting, 
to  be  raplacad  by  nondastructiT*  testing.  As  indicated  by  Obart  (8), 
Bondest.'^etiTa  tests  can  be  repeated  a ov«;ber  of  tiates  on  th*  aaa* 
spaciaans,  facilitating  deteraination  of  and  coiap*n«''atiOB  for  pro- 
cedural and  inatruaaat  error*.  This  would  allow  on*  to  separate  th* 
wariations  duo  to  instrusMat  error  froa  th*  Tt\riati*ns  du*  to  actual 
diffcrancas  in  aachanical  prepertias  of  th*  spaciaacs  tasted. 

Fravious  Studies 

In  th*  past,  laboratory  inreatigatioBa  and  corralatienc  of 
physical  propartias  of  reek  haw*  generally  been  liaited  to  intact 
speciaona,  i.*.,  rock  coras  which  ar*  aaeroscepically  hoaogeaaoua 
and  fro*  of  diaeoBtiauitias  such  as  aaaaa,  Joints,  fractures,  and  in- 
clusions. Baw*T*r,  *T*B  when  these  inTestigations  haw*  been  restric- 
ted to  intact  rock,  thus  eliainating  the  highly  ▼ariabl*  tractur* 


pftTMMUr,  4»t«  pl«U  Um9%  frc^UMtly  Wm  kii^ly  acfttt«r«d  ia  aatw* 
raamltlBf  ia  carralatiaaa  af  ^aaatlaaabla  valaa. 

Uaaally,  iaTaatifatiaaa  af  thia  aatara  hara  aacaapaaaad  May  rack 

typaa  (3)  (4)  («)  (T),  tha  dataniiaad  pbyaieal  prapartiaa  far  all 
rack  typaa  baiag  Ivpad  tagatlar  aad  aaalysad  ia  aaaa.  Thia  praeadara 
ia  ariaatad  tavard  dataraiaiag  gaaaral  ralatiaaakipa  ebaractariatic 
af  tka  aatira  graiqp  af  apaeiaaaa  azaadaad.  Bat  ika  iaplieatiaa  kara, 
acMly  that  large  rariatiaaa  ia  aiaaral  caapaaitiaa,  gaalagie  hiatary, 
aad  graia  aisa  (vhieh  aaaally  aatar  iata  tha  claaaifieatiaa  af  rack 
aatariala)  haaa  littla  ar  aa  affact  an  tha  ralatiaaakipa  hatwaaa 
phyaical  prapartiaay  ia  dahiaaa  (lO). 

Thoa,  a dafiaita  aaad  axiata  ta  iaraatigata  tha  ralatiaaakipa 
batvaaa  rariaaa  rack  prapartiaa,  facaaiag  attaatiaa  aa  ^.^diridral 
rack  typaa  ia  aa  attaapt  ta  radaca  tha  awhar  af  Tariahlaa  aad  aliai- 
aata  aaaa  af  tha  acattar  typical  of  prarieoa  iaraatigatitaa.  lapa> 
fally,  tka  raaaltiag  earralatiaaa  will  ha  af  a gaality  ahiek  vill 
al'iav  far  tha  allaiaatiaa  af  rapatitira  taatiag  aad  data  radactiaa, 
faeilitatiag  aara  acaaaaic  daaiga  af  aagiaaariag  atmetaraa. 

Ohiactiraa  af  Thia  laraatiaatiaa 

Thia  atady  rill  ha  primarily  diractad  tavard  dataraiaimg  tka 
iaflvaaea  *f  variatiaa  ia  rack  typ»  aa  tha  qaality  af  earralatiaaa 
ahtaiaad  thraa^  liaaar  carralatiaa  aaalyaia  af  variaaa  phyaical  rad^ 
prapartiaa.  Aa  attaapt  vi.U  alaa  ha  aada  ta  dataraiaa  tka  affact  af 
▼ariatiaa  ia  graia  aiao  vithia  a particular  rack  type  aa  tka  aatara 
af  %ka  earralatiaaa  hatvaaa  phyaical  prapartiaa  dataraiaad  far  apaci- 


iita  af  thia  rack  tjpa. 


SpCCiMBS  »f  BBd  grBfiit*  Till  b«  pr*pBr»d  BBd  tTBtcdy 

th«  folloTiBf  pkyaicBl  pr«p«rti*s  balBg  d«t«niB*dt 

(b)  d*n«it7 

(h)  coapraasiOBBl  pulse  Tslecity 

(c)  shear  pulse  relocity 

(d)  YouBg's  ae lulus  of  elasticity  (static) 

(e)  ultiisate  uniaxial  ceapressiTe  strsBgth. 

Pulse  Tslseities  will  be  detersiBed  acco*diBg  to  the  ASIM  prtpssed 
StSBdard  Metued  of  Test  for  Lahcratory  D<«teraiBatioB  cf  Lltrasonic 
Poise  Velocities  and  Elastic  CeneitaBts  ef  Reck.  Ultrasonic  clastic 
constants  will  be  cosqputed  froa  properties  1,  2»  a&d  3.  Static 
TouBg's  aodnlus  will  be  coaputed  froa  stress-strain  cnrTos  deter** 
ained  daring  uniaxial  coapressiTe  tests.  Representatire  speciaens 
Till  be  subjected  to  petrographic  exaaination  (X-ray  diffraction 
analysis*  aodal  analysis*  etc.).  In  as  far  as  is  possible*  the 
speciaens  of  tonalite  and  granite  Till  represeiit  saoples  of  rarions 
^ain  sixes*  and  aineral  ceapositiou  will  be  varied  Titbin  the  Halts 
of  the  classification  sy.;tea  (ll).  All  specimens  Till  bo  intact* 
i.e.*  free  of  aacroscopic  discontinuities  such  as  fractures*  joints* 
seaas*  and  Tcsicles. 

The  data  accusnilated  Till  be  grouped  and  analysed  according  to 
rock  type*  and  then*  for  coaparatiTe  purposes*  analysed  in  nass.  Cor- 
relations  Till  be  sMde  betToen  various  pairs  of  the  physical  prop- 
erties detemined.  In  partUular*  ultimate  rniazial  conpresaive 
strength  and  static  Young's  modulus  Till  each  be  correlated  Tith  ul- 
trasonic palse  velocities  and  the  various  ul  vrs.er>nic  elastic  con- 
stauts.  Ceaparisens  Till  be  made  of  the  quality  ef  correlations  ob- 


fr«a  Ik*  datft  t«  r«ek  Xyptr  md4  trtm  tk« 

4*1*  tr«Bt«4  1b  tk*lr  BBtlraty,  bb4  bb  BffBri  m4«  t«  4«t«mlBB  tk* 
iBnoBBe*  «t  dBtB  MMklyBla  by  rtck  tyj^  »b  %B»)ity  *f  tk«  eerrtlB- 

t ' 3BB  •btB.iB«4 . 

CarralBilBBt*  ri^'i  lx*  bb4«  bbIbc  pliy»leBl  prmp  ^rXi*»  4«tBnBi.B«4 
tmr  tkr*B  grai^B  «f  sp«ciB«BB  vitkiB  bb*  parties' lur  r«di  type 
(tBBBlit*).  Thaa*  thraa  gravpa  vlll  ba  aaaaBtlAlly  af  tba  aara 


aiBaral  caapaaltiaB  bbb  gaalafic  biatary,  «ka  Tarlabla  balBf  gralB 
aita.  Tba  lataBtiaa  vill  ba  ta  avalBBta  tha  caBtxibBtiaB  af  TBrl- 


BiiaB  1b  graiB  aisa  ta  tba  BBtara  af  tba  pbyslcBl  praparty  car^rala^ 
tiaBB  abtBlBa4  vitbiB  tba  partlcBlar  rack  cypa. 


CiUriSR  2 


EXPCaiUQiTAI  TJSCHDilQL'E 


G«nT>l 

SeTcnty-cin*  tMq>l*s  of  rock  core  reprooonting  tvo  rock  typoo 
(granite  and  tonal! to)  were  prepared  and  teated  in  tke  ceurae  of 
this  inreatigation.  These  speciaens  vere  rsaored  frea  10  drill  aitas 
in  aiz  geographic  localities.  Generally,  eight  apeciaena  of  one  par- 
ticalar  rock  type,  either  granite  or  tontlite,  vere  aolsctod  frea  the 
core  froa  each  if  the  drill  sites.  All  speciaens  tested  vere  intact 
(contained  no  aacroscopic  jo.nts  or  fractures)  and  essentially  hoao- 
geneous  NXoStse  (noainal  2-1/8-inch  diaaeter)  cylindrical  ceres. 

Tests  vere  conducted  during  this  inrestigation  to  deteraine  the 
follovingt 

(a)  rock  type  and  axneral  coapoeition 

(b)  bulk  density 

(c)  ultrasonic  pulse  eelocities  ( coapressional  and  shear) 

(d)  ultiaate  uniaxial  coapressire  strength 

(e)  static  stress-strain  relations. 

Ultrasonic  elastic  constants  were  coapute'*  Trow  aeasored  ultrasonic 
pulse  relocities  and  specific  grarities.  Static  Young's  ae^'ili  vere 
deterained  froa  the  axial  stress-strain  relations  ebserred  and  re- 
corded during  the  uniaxial  coapressive  tests. 


Om  r*pr*aMiatiT«  tftimuk  fr««  aAck  of  tka  10  graafa  (lO  4rill 
aitaa)  vaa  aalactad  iar  liaitad  patragrapkie  azaaiaatiaa.  Tkaaa 
apaciaaaa  vara  aavad  aziallpy  aaa  aavad  aurfaea  af  aaek  ^aclaaa 
kaiag  poliakad  aad  pkatagrapkad  at  aaraal  aitii. 

Ca^aaita  aaaplaa  vara  takaa  from  tkc  raaitlaiag  partiaaa  af  tka 
aalactad  apaciaaaa,  aad  gra«iad  iata  a fiaa  pavdar  aa  aa  ta  paaa  a 
Xa.  389  aiava  (44u).  X-ray  diffractiaa  pattaraa  vara  aada  af  aack 
aaapla.  Tkaaa  pattaraa  vara  tkaa  aaaaiaad  ta  aaka  aiaaralaglcal 
idaatlficatiaaa  aad  ca^pariaaaa.  Saall  partiaaa  af  aack  af  tkaaa 
pavdarad  aaaplaa  vara  taatad  ia  dilute  bjdracklaric  (HCl)  acid  aad 
vitk  a aa^atiaad  aaadla  ta  datact  tka  praaaaca  af  carkaaata  aia- 
arala  aad  aapiatic  aiaarala,  raapactivaly.  All  X-ray  pattaraa  vara 
aada  vitk  aa  XIIi>5  diffractaaatar  uaiag  aiekal-filtarad  caapar 
radiatiaa. 

Tkia  aactiana  vera  prepared  fraa  each  apaciaMU  aad  axaaiaad  vitk 
a Spaacar  palariaiag  aicraacapa.  A paint-cauat  aadal  aaaiyaia  vaa 
■ada  aa  aack  tkia  aactiaa  ta  dataraiaa  tb«  aiaaral  caa^aitiaa  by 
parcaat  aad  graia  siaa  (l3)  af  each  af  tka  racfca  rapraaaatad.  The 
auakar  af  caoats  par  aactiaa  vaa  bald  canataat  (OOO),  but  apaciag  af 
the  cauatar  vaa  varied  vitk  graia  aiaa  ia  aa  attaapt  ta  aktaia  a 
rapraaaotative  atataatical  average  (s). 

A auHaary  af  tka  raaalta  af  tba  patro^aphic  axaaiaatiaa  af 
rapraaaotative  aaaplaa  fraa  aack  af  tka  10  graups  of  cere  ia  givaa 
balav.  Oatailad  raaulta  are  givaa  ta  Appaadiz  i. 

(a)  Taaalita  (Vanailiaa  graaite  faroatiaa,  Miaaaaata) . Bravaiak- 
gray,  oadiao-  to  caaraa-graiaad.  Sactiaaa  vara  oaaaivt  aad 


I 


VBw«Aih*r«d.  fiik'titt  vm  br«k«a  Mid  alt«r«d  i«  ekl»rit«.  Micro* 
cliBC  «oo  uiioltorod  oad  ssbrokoa.  Very  fov  Bierofroctoroo  voro 
dotoctod. 

(b)  GroBito  (Locohm  rittiAo,  Moiso).  Block  ood  white.  Cooroo* 
grolMd  porphyritic  toztor*.  Biottto  voo  omoltorod.  riogioelooo 
woo  oli^tlj  oltorod  to  ooricito.  Spceiaooo  voro  uovoothorod  ood 
cootoiood  very  fev  Bicrofrocturoo. 

(e)  Oromito  (Groaito  Mouotoioo  «yoBin().  l^oothorod, 

brovBioli*froy»  cooroo-groinod.  kieroeliBO  vto  aaoltorod.  Flogio* 
elooo  voo  oltorod  to  ooricito.  Biotito  voo  slightly  oltorod  to 
chlorito.  liicrofrocturoo  voro  ooaovhot  coomob. 

(d)  ToBOlito  (Siorro  KoTodo  Botkolith,  Coliforoio).  PiBo-groioodt 
dork  colorod  rock.  Soctloao  voro  frooh  oad  cootoiood  ao  Bocro* 
frocuroo.  Coavaiao  priacipolly  plogioclooe  fcldopor  oad  biotiu 
Bieo  vith  aaollor  uMoato  of  quarts  oad  borabloado. 

(o)  Toaalito  (Siorro  KoTodo  Botholitb,  Coliforaio).  kodiw  to 
eoorao*groiaod  igaoouo  rock.  SoctioEs  vero  frosb  oad  iatoct.  Sisi- 
lar  ia  coapoaitioa  to  fiao-groiaod  rock  diocaaaod  obovo. 

(f)  Tonal i to  (Siorro  Novodo  Botholitb,  Coliforaio).  kodiiM- 
groiaod  igaoouo  roek|  aoch  fiaor  groiaod  thoa  BodivB*  to  cooroo* 
groiaod  tOBOlito  (o).  SiBiI>r  io  aiaorol  coBpooitioa  to  tho  tvo 
toaolitoo  diocaosod  iasodiotoly  before  (d  oad  o)  oxcopt  slightly  aoro 
biotito  oad  slightly  loss  horobloado.  hiss  coatoias  very  SBOll 
OBouats  of  aogaotito. 

(g)  Groaito  (Bortkvosi  of  Loac  Crero  Flutoa  oad  Miehoatod  lock 


Botholitb,  Toxos).  kodiuo* groiaod,  red  groaito.  Soctions  voro 


mi4  wiv*atk«r«4.  Slight  «f  aier^eliM  ami. 

c1m«.  Iter*  wmsaarixa  ale*  fr««*ai  ilMa  biatit*  aica. 

(b)  OraaiU  (Sbaraaa  Oraaii*  Paeivs  at  Saaibara  Laraaia  laaga, 
Vyaaiag).  Caaraa-graiaa4,  li|^t>g.ra7  graaita.  Xa  fraaxlatiag  frac- 
tara  aarfacaa  caal4  ba  4ai«eta4.  Largaly  caagaaa4  af  gaarta»  pataa> 
aiaa  fal4afar,  plagiaclaaa  fal4apar,  aa4  biatlta,  with  laaaar  aaaaata 
af  barablaa4a. 

(i)  Oraaita  (Laraaia  Xaaga,  fyaaiag).  Ma41aa-  ta  eaaraa-gralaa4, 
piafc  graaita.  ParpbTritic  taxtara.  Sactiaaa  vara  aaaraaeapieally 
fra*  af  fractaraa  aa4  vara  aavaatbara4.  ?ra4aaiaatal7  caapaaa4  af 
gaartsy  plagiaclaaa  fal4apar«  patasaiaA  fal4apar  vitb  iaaaar  aaaaata 
af  barablaa4a  biatlta  aa4  cblarita. 

(j)  Taaalita  (Ca4ar  Clip  Taaalita^  Vtab).  lia4iaa-graiBa4,  grap 
taaalita.  Caaalata4  prtaarilp  af  plagiaclaaa  fal4apar»  ^aartxt  *a4 
barablaa4a  vitb  laaaar  aaaaata  af  pataaataa  fal4apar»  biatlta,  aa4 
aapiatita.  Biatita  vaa  aligbtlp  altara4  ta  cblarita. 

Fraaarattaa 

Taat  apaciaaaa  vara  prapara4  aa  aaggaatad  ia  tba  ASTM  prapaaa4 
"Staa4ar4  Matbad  af  faat  far  TTaeaafiaad  Caapraaaiva  Straagtb  af  Back 
Cara  Spaciaaaa"  aad  Carpa  af  bfiaaara  Staadard  Matbad  af  Taat  far 
Triaxial  Straagtb  af  Uadrataad  Rack  Cara  Spaciaaaa  (it),  CBD-C  14T. 
Xbaa  praparad  accardiag  ta  tba  abava  apacif icatiaaa,  apaciaaa  talar> 
aacaa  vara  vail  vithia  tba  liaita  raqairad  bp  tba  ASTM  p«*aaaad 
"Staadard  Matbad  af  Taat  far  Labaratarp  Dataraiaatiaa  af  Citraaaa'c 
Palaa  Valacitiaa  aad  Slaatlc  Caaataata  af  lack. 


All  ••apl««  v*r«  cut  to  length*  of  opprexiaotelj  4.92  incbeo 
71 tb  • CoTingtoD  (Figure  l)  olab  aaw  (lO-incb  diaaoter  diaaend 
blade) . Tbia  apeciaeo  length  vaa  aelected  in  eider  to  aoot  tbo 
opacified  length  to  diaaetor  ratio  roquireaenta  (2.C  ^ L/D  £2.S). 
Sine*  apeciaen  diaaater  ranged  froa  2.0^  to  2.16  inebea,  probablj 
due  to  rariation  in  rock  type,  bit  vear,  and  drilling  toebniquo, 
the  acti'Al  length  to  diameter  ratio*  alao  varied  alightlr,  but  Tore 
in  ai'  caaea  gt eater  than  2.0  and  leaa  than  2.5. 

Daring  the  cutting  prrceaa,  apeciaen*  wer*  aecurod  in  a viae 
(Figure  2)  which  aided  in  alignment  and  provided  for  cutting  aur- 
facea  nearly  perpendicular  to  the  axis  of  the  core.  A aolution  of 
water  and  aoluble  oil  wa*  uaed  aa  blade  lubricant  and  coolant.  All 
apeciaen*  were  thorcugfalv  waahed  imaedlatelv  aubaequent  to  cutting 
to  reaove  anv  aolution  which  aignt  adhere  to  the  apeciaen  aurface. 
Feed  rate  waa  adjuated  such  that  one  cut  acroaa  a diaaetor  required 
approxiaately  15  minutes. 

After  cutting.  *.h*  ends  of  all  specimens  were  ground  saootb. 
parallel  to  each  other,  and  perpendicular  to  the  axis  of  the  core 
with  a Norton  hydraulic  surface  grinder  (Figure  3).  This  surface 
finishing  was  pursued  in  such  a manner  that  apeciaen  ends  wer*  flat 
to  within  0 001  Inches  and  did  not  depai  t from  perpendicnlarity  to 
tb*  axis  of  the  core  by  acre  than  the  allowable  0.01  inch  in 
2 inches  (0.25  degrees).  Subsequent  to  ^'rinding,  tbe  apeciaen*  ware 
again  thoroughly  waohed  to  remove  my  of  the  oil-wator  grinding  wheel 


coolant  solution  froa  the  core  surfaces. 


Bulk  Dtnaity 


Salk  d«aaitl*a  war*  dctcraiiicd  »cc*rdiiif  to  V.  S.  krmj  bgia**r 
Wotarwoja  E^ariaant  Statiaa,  Cancrat*  Oirition  **T->2  llotlied  of 
Dataraiming  Bulk  Baaaity  of  Back  Coraa.**  Th*  taat  procador*  eoa- 
aiatad  aft 

(a)  waah  tha  ear*  to  roaoT*  duat  aad  ether  eoatliiga  fraa  the 

apaciawn 

(b)  air  dry  tha  apaciaan  to  conatant  w*i|^t,  and  weigh 
air-driad  apaciaan  to  aaaroat  0.1  graa 

(c)  dataraiaa  walna*  ef  apaciaan  by  liquid  diaplacaaant  in 
a pyenaaotar  ehaabar  (Figure  4)  containing  diatillad  water 

(d)  ealenlat*  the  danaity  of  tha  car*  in  th*  air*driad  con^ 
ditian  fraa  tha  fallowing  faraala: 


where 

* danaity  of  tha  air-driad  cor* 

• wai^t  of  th*  air-driad  core  in  graaa 

V,  ■ ralnaa  of  tha  cor*  in  cubic  cantiaatera. 

Taaparatni'*  of  th*  diatillad  water  in  th*  pycnoatatar  ehaabar  waa 

a 

taken  into  aecaunt  whan  tha  Teluaaa  ef  th*  apaciaan*  war*  dotaminad. 

In  thia  inTaatigation,  danaitiaa  vara  coapnted  froa  air->dri*d 
apacisiaa*  rather  than  ovan-driad  apoc inane  to  avoid  paaaihl*  ehangaa 
in  phyaical  propertiaa  da*  to  ovon-drying  aa  have  boon  obaorvad  in 
aavaral  pravioaa  atudiaa.  Obart  (9),  noted  that  ovan-drying  often 
produced  pronounced  and  aoaotiaaa  draatic  ehangaa  in  alaatic  con- 
atanta,  and  that  thaaa  ehangaa  vara  froquantly  paraananl. 


Pigv«  4.  P7ca«Mt«r  Ckwib«r 


VltTM»n^c  V«lociti«« 

UlirftttMie  puls*  T«leeiti*«  v«r*  d*t*niiB*d  Bccordiag  t»  tb« 

ASTW  pr«p*a«d  *^t>aBdard  lUthod  of  Test  for  Laberstorj  OstsnsiMtioB 
of  UltrssoBic  Pttlso  Volecitiss  sad  Elastic  Csastsats  of  Soefc."  This 
aethsd  is  rslid  for  doteraiBStion  of  eo> ipr sssionsl  and  shear  ware 
velocities  ia  both  isotropic  aad  anisotropic  aedia. 

Bariua  titanate  crystals  and  PZI-SA.  High  cci^acitaBce  lead- 
si  rconate-titanate  crjatals  verc  ttsed  to  prodoce  coapressional  and 
shear  pulses,  respectively.  These  pulses  vere  preducsd  by  applying 
short  duration,  high  voltage  pulses  to  appropriate  crystals, 
resulting  in  coDpressional  or  sheeir  pulses,  whichever  the  case  aay 
be,  hsiag  fsaersted  ia  the  speciaeB.  The  high  voltage  pulses, 
when  i^tplied  to  the  X-eut  bariua  titanate  crystal,  caused  the 
crystal  to  expand  a«.d  contract  yielding  cotipressional  stress  pulses, 
which  vere  transaitted  to  one  end  of  the  speciaen.  When  applied  to 
the  T-cut  lead-zirconate-titanate  crystal,  the  pulses  caused  the 
shear  crystal  to  vibrate  in  a direction  perpendicular  to  tha  axis  of 
the  core  creating  shear  pulaea  vhich  vere  transaitted  to  ono  end  of 
the  speciaen.  The  arrivsl  of  the  pulses  st  the  other  end  of  the 
speciaen  vere  noted  by  a cosq>anion  crystal  affixed  to  that  end,  which 
acted  as  a aechaaical-electrical  transducer  and  gon^^rated  equivalent 
electrical  pulaes.  Pnrcline  white  petreleus  Jelly  aad  pheryl 
salicylate  were  used  respectively,  between  the  ceapressional  trans- 
ducers aad  ths  rock  spsciaens,  and  betwsen  tbs  shear  trsasdneers 
sad  ths  rsefc  spseiatat. 

Thsss  slsctrical  signals  wtrs  recsrdsd  on  an  sscillascspc 
(Figurs  S)  as  stationary  wave  foras,  which  allowed  rathsr  accurate 


I" f finf 


■eaavTMMDt  «f  tht  tiM  af  trar*!  of  tie  pulses  threcfh  the  la- 
diridusl  speciBsua.  Stationery  weTo  ferva,  as  displayed  on  a 
Revlett-?ackard  BOdel  1T80-1  oacilleacepc,  irtre  phetofraphea 
(Fi(pire  8)  aud  pulse  trsTol  tiaea  read  directly  frea:  the  tiae  c#rfced 
phetegr^ks.  These  tiaea  were  corrected  to  eliainate  error  due  to 
pulse  trsTol  t.iae  threu|^  the  transducer  leadS)  traasducerSf  and 
tranaducer-speciaen  cennectien  aaterials  (petroleisa  jelly  or  phenyl 
salicylate),  thus,  yielding  pulse  trsTel  tiaea  through  the  rock  core 
speciaens  aboTO.  Ce^pressionv\l  and  shear  relocities  vere  then 
deterained  froa 


where 


i’S 


Vp  • coapressional  pulse  relecity 
V,  • shear  pulse  Telocity 

tp  > trsTol  tine  of  the  coapressional  pulse  throu^  the 
speciaen  alone 

t,  . trsTol  tiae  of  the  shear  pulse  through  the  speciaen  alone 
L > length  of  the  speciaen. 

All  coapressional  and  shear  poles  Tolocities  deterained  in  this 
inTostigation  vere  aeasured  with  sere  lead  on  the  speciaens. 


Static  .tnial  Stresses  train  Heasureaents 

To  deteraine  asial  static  stress-strain  relations,  Baldein- 
Liaa-laailten  SR-4,  Type  A3-S-6,  electrical  resistance  strain  gages 
were  affixed  wertically  to  opposite  sides  of  each  speciaen.  The 
gages  were  located  in  a Banner  such  that  the  ai^oint  ef  the 


Sh*Mr  ?mla« 


Coapr*s«ioMl  ?«!•• 


Figar*  6.  iTpiesl  PboUfr^ha  «f  Ultraaosic  tfar«-P«rM  Am  9i0« 
pl«7«d  oa  Bavlatt-Fackard  Oacilloacap*. 


- Ji-  - ^ , ...  - 


r«aiatMtc«  aapiant  vaa  at  aidhaiclbt  af  *ach  apaciaan.  Tha  gaga 
laagth  vaa  13/16  ioehaa,  avch  that  na  portiaa  vaold  ba  affactad  hy 
tha  nanunifara  atraaa  diatributiaaa  aatad  hj  Fairhnrat  (5)  ta  aziat 
arar  tha  tqppar  aad  laver  1/12  laagth  af  aaeh  apaciaaay  i.a.y  tha 
upparaaat  aad  lavaraaat  1/3  ta  1/2  iachaa  far  all  apaciaaaa  aaad  la 
thia  atudy. 

All  gagaa  vara  haadad  dlractly  ta  tha  rack  apacisaaa  hp  aaiag 
SIU4  caaaat,  a faat  dryiag  aitra-callulaaa  caaaat  Baattfactorad  bj 
Baldvin-Liaa-Baailtaa  far  tha  axpraaa  parpaaa  af  applieatiaa  af  SP/-4 
haadad  atraia  gagaa.  Friar  ta  applieatiaa  af  tha  caaaat,  apaciaaa 
aarfacaa  vara  claaaad  ta  raaava  auhataacaa  aaeh  »a  ail  ar  daat  vhieh 
ai^t  iapada  davalapaaat  af  a aacnra  baad  hatvaaa  tha  apaciaaa  aad 
gaga.  A thia  caat  af  caaMat  vaa  thaa  appliad  hath  ta  tha  apaciaaa 
aad  ta  tha  gaga,  aftar  vhieh  tha  gaga  vaa  aauatad  nndar  aadarata 
praaaura  aad  allaved  ta  dry  far  24  haora. 

Ta  dataraiaa  atraaa-atraia  ralatiaaa,  tha  t»--  gagaa  vara  virad 
ia  aariaa  raaultiag  ia  aa  autput  af  tha  avaraga  atraia  ragiatarad 
by  tha  tva  gagaa.  Straaa  aad  atraia  vara  coatiauaualy  plattad 
doriag  tha  aaiaxial  eaapraaaiva  taat  by  uaiag  a haaalay  Aatagraf 
z»y  racardar.  A phatagraph  af  tha  racardiag  aqaipaaat  ia  givaa  ia 
Figora  7. 

I'aiazial  Caaaraaaira  Taat 

All  apaciaaaa  vara  aubjactad  ta  atatic  eaapraaaira  laadiag  ta 
dataraiaa  axial  atraaa-atrair  *’alatlaaa,  aa  praviaualy  aaatiaaad, 
aad  ta  dataraiaa  ultiaata  uaiazial  caapraaaiva  atraagtha. 


A 440y000-^o«nd  oniT^raftl,  B«ld«iA  bydraullc  itctisf  Mcbin*  vac 
\t«td  for  loading  tbo  opociBono.  A pbetogropb  of  tbio  BBchiBo  io 
fivoa  oo  Figure  8. 


This  toot  woo  condoctod  according  to  tbo  ASTIf  propoood  Standard 
Uotbod  of  Toot  for  Unconfinod  Co^roaoioo  Strongtb  of  lock  Coro 
Spcciaono.  All  opociaono  «oro  carofnlly  aligned  oo  tb&t  tbo  azio 
of  tacb  core  tooted  «ao  coincident  vitb  tbo  center  of  t2»!iuit  of  tbo 
opborically  ooaiod  bearing  block.  An  initial  ooating  !.«ol  of  approx- 
iaatoly  100-200  poando  vao  applied  very  olooly  vhilo  tbo  «<pborical 
ooatod  bearing  block  wao  adjuatod.  All  tooto  wore  conducted  ^t  a 
loading  rate  of  35  ± 15  pai  per  oocond  (conotaat  for  a particular 
apociaon)  oo  Jiat  catootropbic  failure  occurred  witbin  5 to  15 
Biautoo  of  coMOBCoaont  of  loading.  Aa  noted  by  tbo  propooo;' 
otandardy  oucb  a rate  of  load  abould  provide  valuoo  of  ultiaa/^ 
uniaxial  co^troaoivo  otroagth  vbicb  are  rolatiToly  free  froa  ' bo 
offocto  of  rapid  loading. 

Ultiaato  uniaxial  coi^rooeiTo  atrongtba  voro  calculctod  b' 
dividing  tbo  aaxiauB  load  carried  by  tao  apociaon  during  tbo  u ot 
by  tbo  OTorago  initial  croao-ooctionai  arta  of  tbo  epociaon  <.«tv>r- 
ninod  ao  ouggootod  in  tbo  ASTU  propoood  standard.  All  otrongtbo 
voro  oxprossod  to  tbo  noarott  10  psi. 


Flg«r«  8.  440y000>^«a4  UairvrMl  Ttaiisf  lUcliiM 


CIUrTER  3 


PRfiSCNUTION  AND  DISCUSSION  OF  RSULIS 


G«n«r»l 

Pbyftical  proptrtita  «f  tb«  ir«rieua  gre.nit«  Mil  tanalit*  ■paci'' 
■ana  taatad  vara  datarainad  according  to  the  precadoraa  diaenaaad 
in  Chap tar  S and  ara  praaentad  in  tabular  form  in  Tablaa  1 and  2. 

Tha  atatic  raluaa  of  Young* a aoduli  ara  taagant  aodnli  af 
alaaticity  and  vare  coaputed  at  50  parcant  af  ultiaata  nniaxial 
coapraaaira  atrangtb.  Static  Yaung'n  aoduli  vara  datarainad  for  a 
ainiaua  of  aix  apaeiaana  frca  aach  drill  alia  rapraaantad  (tan 
aitaa)y  thua  axcaading  tha  aptiaua  nuabar  of  four  apacisana  and 
ainiauB  nuabar  af  tbrca  rccoaaendad  by  tha  Buraan  af  Uinaa  (x)  for 
adaquata  avaluation  of  thia  particular  property  vitbin  a rapraacn- 
tativa  group  of  apaeiaana. 

Ultraaonic  alaatic  conatanta  /ara  coaputad  froa  individual 
vaiuea  of  danaity,  ultraaonic  coapraaoional  pulaa  velocity,  and 
ultraaonic  ahaar  pulaa  velocity  vhicb  vers  detarainad  far  each  apeci- 
aan  by  procaduraa  aa  diacuaaad  in  Chapter  2.  The  aquatiana  uaad  in 
the  coaputation  of  ultraaonic  elaatic  conatanta  are  aa  fallovai 
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*Corr«aponda  to  petrographic  doacriptiona  giron  in  Chapter  8,  pagoa 
**Static  Young’s  Moduli  not  dotanainod  for  thaao  spociaans. 
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^^totic  Younc*  • Boduli  not  dotorninod  for  thooo  opoclaono. 
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*Corr«apond«  to  potrogrophle  doscriptiono  givon  in  Chnptor  S,  PM«*  7-0. 
**Stntic  Young**  Moduli  not  dotorainod  for  thovo  opociBono. 
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■ altTMonic  Touog*a  Mdulua  *f  alMticity  in  pal 

0^^  • altraaonic  ahaar  atodulua  or  aadolna  of  rifidity  in  pal 

• ttltraaoiuc  bulk  au>dalna  in  pai 

V.  m ultroaenie  Foiaaoo'a  ratio 
ayn 

2 4 

0 ■ donaity  in  pound-aocond  per  inch 
m ultroaenie  eo^proaaional  palao  rolecity  in  inehoa  par 
aoeoad 

« ultraaonic  ahaar  pulaa  Telocity  in  incbaa  par  aaeand. 

The  nonbar  of  apaciaMua  lor  vbleb  tbaaa  canatanta  vara  datarBinad  in 


Id  both  tba  Biaiaia  and  optiauB  nnabar  of  taata  par 


grev^  (3  and  6,  raapactiToly)  racoBaandad  by  tba  Bureau  of  Minaa  (l). 

Typical  Bodaa  of  failure  exhibited  by  the  a»r«nly'-nina  rack  core 
apaciaana  taatad  in  uniaxial  cai^raaaion  are  illuatratad  in  tba 
pbr/tagrapba  in  Figure  9.  B^laaiva  tjpa  failuraa  yielding  tba 
frafaanta  illuatratad  in  Figure  9(a)  vara  typical  of  failuraa  in  tba 
atrangar  taaalitaa,  i.a.»  tbaaa  yielding  ultiaata  uniaxial  ciuqpraa* 
aiva  atrangtba  greater  than  35,000  pai.  Tba  conical  type  failure 
aurfaeaa  illuatratad  in  Figure  9(b)  vara  typical  of  tba  nature  of 
failure  exhibited  by  tba  raaaindar  of  tba  apaciBona  taatad. 

In  order  to  oTaluata  -.ba  linear  dagraa  of  aaaaeiatian  batvaan 


tba  Torieua  paira  of  pbyaical  propartioa  of  iatare:,t  in  tbia  invaa- 
tigatian,  correlation  coafficianta  vara  eo^tutad  far  each  of  tba 


groops  of  dat*.  A l«aat-aqnar«a  liaa  vas  alao  fittad  ta  aaeh  data 
graap,  tka  lataatiOB  baiag  ta  giva  a Tiaoal  rapraaaatatiaa  af  tha 
dagraa  af  liaaar  corralatian  batvaan  tha  particular  physical  prap- 
artias  af  iatarcat. 

Tha  corralatiaa  ceafficiaat  (r)  ia  a aaasura  af  tha  dagraa  of 
iatardapaadaaca  batvaaa  tha  particular  Tariablas  uadar  study,  uitb 
a coaffieiaat  of  1.0  or  -1.0  iadicatiag  a parfact  asaaciatiaa,  i.a., 
a parfact  strai|^t  lias  ralatian,  aad  a coaffieiaat  of  0.0  iadi- 
eating  ao  relation  «rhataaaTar,  a ce^plataly  randan  aaaaeiatian. 

Tha  algebraic  sign  of  the  carralatien  coafficiant  raflacta  only  tha 
slope  of  tha  ralatianship,  i.a.,  uhathar  there  is  a tread  toward 
iaeraasa  or  dacraasa  ia  aagnituda  of  one  rariahla  acconpaayiag  an 
iacraasa  ir  tha  aagnituda  of  ether  wariahlas. 

Once  tha  earralation  ceafficiants  for  tha  rarious  groups  of 
data  ware  dataminad,  it  raaainad  to  avaluata  tha  significance  of 
these  carralations,  i.a.,  dataraina  tha  probability  af  getting  a 
carralatien  coafficiant  as  large  as  tha  one  actually  obtained  fran 
tha  statistical  sample  if.  in  actuality,  ao  correlation  of  this 
nature  azistad  ia  tha  oniToraa  fron  which  tha  statistical  saiqila  was 
taken.  In  this  study,  tha  probability  laral  used  ta  dataraiaa  tha 
niniaun  aagnituda  of  a significant  carralatien  coafficiant  far  a 
giraa  statistical  saapla  sisa  was  0.995.  Thus,  there  would  be  only 
a 0.5  pareaat  probability  of  obtaining  a corralatian  coafficiant  of 
a aagnituda  greater  than  or  equal  to  tha  pradatarainad  walua  fraa  a 
statistical  saapla  taken  froa  a uni?arsa  in  which  as  carralatien  of 
this  nature  actually  azistad.  A table  of  critical  waluas  far 
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\ correlation  coofficionto  corrooponding  to  thio  choaon  probability 

I 

loTtl  and  tbo  Tariona  atatiatical  aaa^lo  aisoa  nsod  in  thia  atudy 
! ia  proaontod  aa  Appendix  11. 

Tbo  actual  •athoaatical  dotoraination  of  tbo  indlTidual  cerro- 
lation  coofficionta  and  oqnationa  for  loaat-aqnaroa  linoa  vaa,  for 
each  data  group,  porferaod  on  a Gonoral  Electric  400  coaputor. 

Piacnaaion  of  Corrolationa 

Tbo  roauiining  portion  of  thia  chapter  will  conaiat  of  tho  pro- 
aontation  of  acattor  diagram  (data  plota)  roproaoating  tho  warioua 
phyaical  property  corral ationa  attoaiptod.  For  each  pair  of  phyaical 
proportioa  ozaainod,  four  data  groupa  wore  arraagod  and  correlated. 
Ihoao  groupa  wore  coapriaod  aa  follow*. 

Group  i{  All  toaalito  apociaona  toatoi  froa  tho  Sierra  Nowada 
Batholith,  California. 

Group  8t  All  tonal i to  apociaona  tooted. 

Group  3i  All  granite  apociaona  toatod. 

Group  4t  All  apociaona  toatod. 

Thua,  for  each  pair  of  phyaical  proportioa  diacuaaod,  there  will  bo 
four  acattor  diagraaa,  one  for  each  group. 

The  corrolationa  and  acattor  diagraao  roaultiag  froa  analyaia 
of  tho  data  yielded  by  apociaona  coapriaing  Group  1 (Sierra  Nawada 
Batholith  tonalitoa)  wore  coaparod  to  tbo(<e  roaulting  froa  analyaia 
of  tho  data  yielded  by  tho  apociaona  coapriaing  Group  2 (all  tona- 
litoa). Tbo  obJoctiTo  of  thia  coapariaon  waa  to  evaluate  tho  degree 
of  acattor  which  night  bo  attributed  to  variation  in  grain  aiso  alone 


Vi  thin  th*  particnlar  reck  type.  Variation  in  perceatag#  ainaral 
coaposition  and  geologic  hiatorj  voro  kept  to  a practical  ■iaiaoa 
for  tn«  Group  1 data  (all  opociaena  coa»  froa  throe  holoa  viihin 
very  cloa#  proxiaity  of  each  other)  and,  for  the  Group  2 data,  vere 
allovcd  to  vary  vithin  the  confinea  ii^oaed  by  reatriction  to  the 
one  particul&r  rock  type  (tonalite).  Therefore,  cloae  aiailarity 
betveen  the  correlation  coefficienta  and  acatter  d^agraaa  yielded 
for  the  two  groupa  of  data  would  auggeat,  for  the  particular  pair 
of  variabloa  under  conaMeration,  that  rariation  in  grain  aiie  vaa 
of  priaary  iaportance  in  the  detemination  of  decree  of  acatter 
typical  of  the  aaaociation  betveen  thoae  tvo  phyaical  propertiea  for 
t!iat  rock  type.  On  the  other  hand,  aignificant  diaaiailarity  in 
nature  of  the  phyaical  property  correlationa  and  correlation  coef- 
ficienta (i.e.,  a larger  aaieunt  of  acatter  and  leaner  degree  of 
linear  aaaociation  for  the  Group  2 data  than  for  the  Group  1 data) 
would  indicate,  for  the  particular  pair  of  phyaical  propertiea  being 
exaained,  that  variation  in  grain  aize,  aa  oppoaed  to  variation  in 
percentage  aiineral  coupoaition  and  geologic  bietory  aa  confined  to 
the  liaita  iapoaed  by  the  particular  rock  type,  vaa  of  leaoer 
aignificance  in  the  determination  of  the  degree  of  acatter  charac- 
teriatic  of  the  particular  rock  prop-.rty  correlation  in  queation. 

The  correlationa  and  acatter  diagrama  reaulting  frou  analyaia 
of  the  data  yielded  by  apecimena  compriaing  Groupa  2 and  3 were 
collared  to  thoae  reavlting  from  analyaia  of  the  data  yielded  by 
apecimena  compriaing  Group  4 (all  apecimena  in  Groupa  2 and  3 com- 
bined), the  objective  being  to  evaluate  the  effecta  of  minimal  vari- 
ation in  rock  type  on  the  nature  of  phyaical  property  correlationa 


•btaiatd  for  ototiotlcol  data  aootples  ic-olriag  sort  tkaa  oao 
igDOOOo  rock  tjpe.  Lb  data  Groupa  2 and  3 roproaontod  indlTidual 
rock  typoa  ( tonal i to  and  greaita,  rRapoctlToly)  vhilt  data  Group  4 
roproaontod  both  rock  tjpea,  significant  difforencoa  in  tho  quality 
and  oriontation  of  tho  correlationa  deteminod  for  tho  throo  data 
groupa  ahould  indicate  the  effecta  of  alight  rariation  in  rock  typo 
on  tho  nature  of  ths  roaulting  physical  property  corrolations. 
koreoTor,  since  the  granites  and  tonalites  inrolrod  in  this  inves- 
tigation were  rolatively  hoDogeneoua  and  isotropic  intrusive  igneous 
rocks,  and  since  the  percentage  mineral  compositions  of  tho  t«o  rock 
types  are  not  extremely  removed  from  one  another  (ll),  tho  rock 
property  correlations  determined  for  the  data  comprising  Group  4 
ahould  indicate  a reasonable  maximum  degree  of  linear  association 
and  minimum  degree  of  scatter  to  be  expected  for  the  particular 
pairs  of  physical  properties  examined  and  for  a statistical  data 
sample  vhicb  includes  specimens  representing  more  than  one  rock  typo. 

Co  Vorsje  Ultrasonic  lulse  Velocities  (Vp  and  Vj^).  Scatter  dia- 
grams developed  .o  illustrate  the  relationships  between  uniaxial 
compressive  strength  \nd  iltrasocic  compressional  pulse  velocity  a**e 
presented  in  Figures  10  through  13.  Figures  M through  17  graph- 
ically illustratt  the  relationships  found  to  exist  between  ultimate 
uniaxial  compressive  strength  and  ultrasonic  shear  pulse  velocity  as 
determined  in  this  investigation. 

The  degrees  of  correlation  characteristic  of  these  two  pairs  of 
physical  properties  (Cp  versus  Vp  and  C©  versus  V,)  were  noticeably 
higher  for  the  data  yielded  by  the  tonal ite  specimens  alone  then  for 
the  data  yielded  by  the  granite  specimene  alone.  In  particular,  the 
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cerr«l»tien  coefficient*  (Tnbl*  3)  (r)  detorained  for  tho  Group  2 
tonaliteo  were  conoidoroblj  larger  than  the  corroaponding  critical 
Talues  (given  in  Appendix  II),  while  the  correlation  eoefficienta 


deterained  for  the  granitea  alone  were  onlj  0.44  and  0.40  for  Co 
reraua  and  Co  weraua  V^,  reapectiwelj,  lew  enou|^  to  be  of 
queetionable  aignificance. 

When  the  data  yielded  by  the  tonalitea  aind  granitea  were  com- 
bined (for  the  particular  paira  of  phyaical  propertiea)  and  examined 
aa  a aingle  data  aanple,  the  reault,  in  both  inatancea,  waa  a rather 
noticeable  increase  in  scatter  over  and  beyond  the  acatter  typical 
of  either  the  granite  or  tonalite  data  alone.  Alao,  while  the 
resulting  correlation  eoefficienta  (for  the  Group  4 data)  were 
alightly  higher  than  thoae  yielded  for  the  granite  data  alone,  they 
were  aubstantially  lower  than  the  walues  determined  for  the  tonalite 
data  alone.  Thus  the  net  effect,  in  these  instauices,  appeara  to 
have  been  a conaiderable  sacrifice  of  quality  of  the  better  acatter 
plots  and  phyaical  property  correlations  (Group  2 tonalitea)  re- 
sulting from  the  introduction  of  data  exhibiting  trends  of  a some- 
what different  character  and  leaser  quality  (Group  3 granitea). 

A comparison  of  the  correlation  coefficients  (Table  3)  deter- 
mined for  the  Groups  1 and  2 tonalitea  and  examination  of  the  scatter 
plots  produced  from  data  yielded  by  these  two  group*  of  apecimena 
revealed  no  significant  difference*  in  magnitude  of  the  correlation 
coefficient*  or  quality  of  the  acatter  diagram*  for  either  versus 

Vp  or  Cg  versus  V,.  Tb«<*,  for  these  particular  correlations,  varia- 
tioo  in  grain  size,  rather  than  substantial  variation  in  percentage 


tiBLI  3 


CorralatiOB  Co«ffici«ntB  Obtained  For  Vorioos  foiro 
of  Physieol  Froportioo 


CorrolotioB  Coofficionto  Obtoinod  Fort 


Phyoical 

Proportioo 

Corrolatod 

Siorra 

NoTada 

Batholith 
Tonalitoo 
(Group  l) 

All 

Tonalitoo 

Tootod 

(Group  2) 

All 

Grant too 

Tootod 

(Group  3) 

All 

Grant too 
and 

Tonal t too 
Tootod 

CGroup  4) 

C TO  V 

0.81 

0.83 

0.44 

0.58 

0 p 

C TO  V 

0.86 

0.87 

0.49 

0.69 

0 0 

C TO  E. 

0.86 

0.67 

0.49 

0.71 

0 dyn 

C TO  G. 

0 dyn 

0.87 

0.86 

0.50 

0.73 

^0  *dy» 

0.81 

0.89 

0.39 

0.08 

^0  '’dyn 

0.49 

0.20 

0.33 

0.24 

E TO  V 

0.88 

0.»6 

0.89 

0.66 

tan  p 

B.  TO  V 

tan  0 

0.9S 

0.92 

0.91 

0.98 

E TO  E. 

0.9S 

0.90 

0.90 

0.90 

tan  dyn 

E TO  G . 

0.93 

0.91 

0.90 

0.91 

tan  dyn 

E TO  K. 

0.88 

0.79 

0.85 

0.80 

tan  dyn 

E TO  V . 

0.56 

O.ll 

0.80 

0.45 

tan  dyn 

•in«r«l  coapeaitlon  and  geologic  history  sc  sllowed  vithin  the  con- 
fines of  the  specific  rock  type,  appeared  to  be  the  priswry  factor 
contributing  to  the  degree  of  scatter  in  the  tonalite  data  plots. 

Co  Versus  Ultrasonic  Moduli  (J^dynt  ^dyn>  *^yn)  * Scatter 
diagraas  illustrating  the  general  relationships  existing  betveen 
ultiaate  uniaxial  coapressire  strength  (Co)  and  ultiasonic  Young's 
aodulus  (E^jb),  ultrasonic  shear  aodulus  (G^jb)*  ultrasonic  bulk 
codulus  (Xdyn)  *re  gXTon  in  Figures  ic  through  29.  Correlations  and 
data  plots  for  coaparable  groups  for  each  of  the  above  three  pairs 
of  variables  vere  generally  siaiiar,  probably  a reflection  upon  the 
siailar  origin  of  the  various  values  of  the  three  different  ultra- 
sonic aoduli  (all  vere  coaputed  froa  values  of  ultrasonic  shear  'utd 
coapressional  pulse  velocities  and  specific  gravities  determined  for 
the  individual  speciaens). 

Of  particular  interest  vas  the  fact  that  no  appreciable  changes 
in  aagnitudes  of  coefficients  of  linear  correlation  (as  opposed  to 
the  aagnitudes  of  those  values  determined  for  Cq  versus  Vp  and  Cq 
versus  V^)  vere  effected  by  the  use  of  ultrasonic  elastic  aoduli  in 
correlations  vith  ultiaate  strength  instead  of  the  easier  to  deter- 
Bine  pulse  velocities  (previously  discussed).  While  correlations 
of  ultiaate  uniaxial  compressive  strength  (C^)  vith  ultrasonic  shear 
aodulus  (G^jb)  yielded  the  highest  correlation  coefficients  of  any 
cf  the  correlations  in  vhich  ultiaate  strength  vas  involved  as  a 
variable  (O.hT,  0 rh,  0.50,  and  0.73  for  Groups  1,  2,  3,  and  4, 
respectively),  these  coefficients  were  not  sufficiently  greater  than 
those  yielded  by  correlations  of  ultimate  strength  vith  ultrasonic 
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•htftr  pul««  Talocitj  (0.86,  0.87,  0.49,  »nd  0.60  for  Qroapa  1,  2,  3, 
•nd  4,  roopoctiToly)  to  olono  justify  tho  odditionsl  tostiug  sad  coa- 
putstloD  Docosssry  to  tho  dotorainstion  of  ultrasonic  ahoar  aoduli. 
This  is  not  to  say,  hovovor,  that  dotorainstion  of  ultrasonic  olastic 
aoduli  would  bo  undoairable. 

Tho  saao  gonoral  tronds  provalont  in  tho  corrolationa  discussod 
proTiously  (C^  Torsus  Vp,  vorsus  V^)  wore  also  cooaon  to  corrals*' 
tions  of  ultiaato  strongth  worsus  tho  various  ultrasonic  aoduli.  In 
particular,  both  groups  of  tonalito  data  yioldod  corrolation  coeffi- 
cients of  siailar  aagnitudes  (Table  3)  and  scatter  diagraas  of  a 
siailar  nature.  This  apparently  reinforces  tho  previous  indication 
that  variation  in  grain  siso,  rather  than  variation  in  ainoral  coa- 
position  and  geologic  history  as  allowed  within  the  confines  of  a 
specific  rock  type,  appears  to  be  of  primary  importance  in  the  de- 
termination of  the  aaount  of  scatter  typical  of  correlations  between 
various  properties  of  this  particular  rock  type. 

Furtheraore,  exaaination  of  the  correlation  coefficients  and 
scatter  diagraas  determined  for  che  number  2,  3,  and  4 data  groups 
indicated,  for  all  three  physical  property  comparisons  involving 
ultimate  strength  and  ultrasonic  elastic  moduli,  that  the  correla- 
tion of  data  for  both  rock  types  as  a single  statistical  sample  was 
undesiriible  from  the  point  of  view  that  such  a procedure  resulted  in 
an  unnecessary  sacrifice  in  quality  of  the  scatter  diagraa  and  de- 
gree of  correlation  typical  cf  the  tonal i te  data  alone  without 
yielding  an  accompanying  acceptable  increase  in  quality  of  the  scat- 
ter diagraa  and  nature  of  correlation  above  those  exhibited  by  the 
granite  data  alone. 


V«rau«  Scattar  diagraaa  illustrating  tha  ralatian- 

shipa  obsarrad  to  axiat  batvaan  ultiaata  luiaxial  coiq>raaaiTa 
atraagth  and  ultrasonic  Poisson's  ratio  for  tha  four  data  groups 
uaad  in  this  inraatigation  ara  giran  in  Figuras  30  throuf^  33. 

Corralation  coafficiants  daiarainad  for  thasa  data  groups  (Tabla 
3),  vara  in  ganaral,  yrj  lov,  and  in  all  caaaa  but  ona,  vara  lass 
than  tha  critical  valuas  (givan  in  Appandix  II),  indicating  no  si,;-' 
nificant  dagraa  of  linaar  association  batvaan  tha  tvo  variablas. 

Tha  coafficiants  vara  0.40,  0.20,  0.33,  and  0.24  for  data  groups 
1,  2,  3,  and  4,  raspactivaly. 

Figuras  30  throu^  33  further  indicata  tha  lack  of  linaar  as- 
sociation batvaan  tha  tvo  variables  undar  exaaination,  and,  in 
addition,  ravaal  that  the  higher  of  tha  four  correlation  coaffi- 
ciants ova  thair  larger  aagnitudas  solalj  to  tha  prasanca  of  a fev 
points  (sight)  of  questionable  validity  (unusually  lov  values  of 
ultrasonic  Poisson's  ratio)  vithout  vhirb  these  coefficients  vcuid 
be  even  lass  significant. 

1^  Varsua  Ultrasonic  Pulse  Velocities  (V  and  V ).  Figuras 
tan  p s'  ® 

34  through  37  physically  illustrate  the  relationships  existing 
batvaan  values  of  tangent  Young's  nodulus  of  elasticity  (static)  and 
values  of  ultrasonic  coaipreasional  pulse  velocity  as  determined  in 
this  study.  Figuras  3^  through  4>  depict  tha  relationships  existing 
batvaan  values  of  tangent  Young's  modulus  and  values  of  ultrasonic 
shear  pulse  velocity. 

Interestingly,  the  eight  correlations  vfour  data  groups)  deter- 


ained  for  these  tvo  particular  pairs  of  variables  vere  all  quite 
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•igDificact  (correlation  coof f iciarta  wero  such  larger  than  the 
correaponding  critical  values  as  given  in  Appendix  ll)  and  verv 
siailar  in  nature,  the  i^ualitj  and  orientation  of  the  relationships 
deterained  for  the  granite  data  alone  being  very  nearly  the  saae  as 
those  deternined  for  the  tonalite  data  alone,  for  costparable  pairs 
of  properties.  This  trend  of  slailarity,  vbich  incidentally  will  be 
observed  to  exist  generally  throughout  the  correlations  of  tangent 
Young's  aodulus  vith  the  other  various  ultrasonic  properties,  vas 
soaievhat  of  a reversal  of  the  earlier  trend  noted  for  correlations 
of  ultisMte  uniaxial  coapressive  strength  eith  the  various  ultra- 
sonic properties  wherein  the  correlations  for  the  granite  rela- 
tionships were  frequently  insignificant  and  noticeably  inferior  to 
those  of  the  tonalite  data.  This  "change"  would  appear  to  be  a 
significant  indication  that  the  factor*  which  contribute  to  ulti- 
sate  uniaxial  cosipressive  strength  charr  c t».  ristics  and  to  the  nature 
of  the  values  of  tangent  Young’*  nodulus  of  elaoticiiv  typical  of  a 
particular  rock  type  do  not  necessarily  contribute  to  the  sasie 
properties  of  a sinilar  rock  type  in  the  sasie  Banner. 

A coaparison  of  the  scatter  diagrams  and  correlation  coeffiiient* 
(rable  3)  Jetertaned  for  the  four  groups  of  data  representing  each 
pair  of  physical  properties  resulted  in  two  additional  general 
observations  I (l)  correlations  de  terwiiiie.'.  for  the  Group  1 and  Iroup 
2 tonalite  data  were  siailar  both  in  orientation  and  degree  of 
scatter,  reinforcing  the  previous  indicstion  that  variation  in  grain 
siio  within  the  particular  rock  type,  rath-r  than  .ariatioii  in 
snineral  composition  and  geologic  history  a*  allowed  within  tlie 
coiifin.-s  of  the  specific  roiU  ' .'T'*  ■ ''  priraary  influei.te  upon  ihf 


degrt*  of  ocottor  Irplcol  of  th*  data  plots  for  this  rock  tTpo,  and 
(2)  aaalgasation  of  the  data  for  the  tonal itcs  and  granites  into  a 
slnflt  group  (Group  4)  and  correlation  of  this  data  as  such  Tlelded 
a scatter  diagraa  and  correlation  coefficient  which  were  of  a nature 
and  quality  Terj  siailar  to  those  determined  for  the  parent  data 
groups  (Groups  £ and  3).  This  would  appear  to  indicate,  for  the 
particular  rariablea  being  exasiined,  that  such  an  analgasation  of 
data  for  such  geologically  similar  rock  types  would  not  necessarily 
result  in  correlations  of  a quality  substantially  lower  than  the 
correlations  determined  for  data  grouped  and  correlated  by  individual 
rock  type. 

Versus  I’ltrasonic  Moduli  (E^^.  Gdyn*  *dyn)  • Scatter  dia- 
grams illustrating  the  general  relationships  found  to  exist  between 
tangent  Yeung' 0 modulus  of  elasticity  ultrasonic  values 

of  Young's  modulus  of  elasticity  (h^vn'’  oodulus  (G^^),  and 

bulk  modulus  (Edvn^  given  in  Figtirt-s  42  through  4>*^.  4<^  through 

4P . and  50  through  53,  respectively. 

Nature  and  degree  of  linear  correlations  ohtalnsd  for  corrsspond- 
Ing  data  groups  yislded  for  all  three  pairs  ol  variables  were  quite 
similar,  probably  due,  ae  waa  the  cae*  with  ul * imate  uniaxial  com- 
preealve  atrengtli,  ^o  eimilarily  in  origin  of  the  tarious  values  of 
the  three  ultrasonic  elaatic  moduli  G^^j,,  and  . All 

were  computed  frosi  equatiene  involtlng  values  of  ultrasonic  shear 
and  compreseional  pulse  velocities  and  specific  gravities  of  the 
individual  specimens. 

The  physical  property  corr  e 1 a ; 1 or.s  ■ermined  for  those  pairs  of 
variables  involving  ultrasonic  moduli  were  generally  quite  good. 


HoMlua  (l4^)  , jf*l  * 


Curr«lati«B  ro*ffici«Bts  for  tv*  of  th*a*  p*ir* 

T*r*Q*  and  ?*rau*  Odja)  *«r*  aaong  th*  hi^oat  7i*ld*d 

bv  correlation  of  aaj  of  th*  pair*  of  va^riabloa  esaainod  during  tb* 
course  of  this  invoatigation  (TabI*  3).  Tb«a*  tv*  groupa  of  corre- 
lation* v«r*  not  snffieiently  anporior  to  tbos*  inrolving  t-b*  easier 
to  detomine  values  of  shoar  and  coaprosaional  pulse  velocity,  bov- 
t'-tr,  to  alone  justify  the  additional  tin*  and  nonoy  vbicb  is 
ueceatary  to  th*  c*ng‘Utati*c  cf  ultrasonic  olaatic  nodnli.  This  is 
net  te  say,  hovrvor,  that  coeputavioe  of  nltrasotvc  nodnli  night  not 
b*  dosirani*  for  purpoeos  othor  than  physical  property  corrolations. 

The  general  trend*  characteristic  of  the  physical  property 
corrolations  discusssd  in  th*  section  iamediately  prior  to  this  on* 
(txM  ^p  ^s^  sere  also  noted  to  exist  for  those  correla- 

tions. Specifically,  degrees  of  t..rrel*tion  detomined  for  th* 

Group  1 tonalite  data  group*  were  only  sli^tly  larger  in  nagni- 
tnde  than  these  yielded  by  the  Group  2 tonalite  date,  groups  for 
corroaponding  pairs  of  physical  properties,  onbstantiating  previous 
indications  that  variation  in  grain  six*,  as  opposed  to  significant 
variation  in  nAaeral  coaposition  and  geologic  history  as  alleved 
vitbin  tb*  confines  of  a specific  rock  type,  appears  to  be  cf  pri- 
nary  significance  in  the  dstemination  of  th*  dogro*  of  scatter 
typical  of  various  physical  property  correlations  within  the  par- 
ticular rock  type. 

As  was  aantienod  in  the  previous  section,  ceabinatioa  *f  th* 
data  for  both  reck  types,  granite  and  tonalite,  in.o  a single  sta- 
tistical saaipl*  and  cerrelatiec  :if  this  single  Base  cf  data  did  net, 
for  either  of  the  three  peirs  of  physical  properties  censidersd  in 


this  ssctits,  rssslt  is  as  spprscisbls  tserifies  is  qaslity  sf  ths 
carrsistisss  sbtsi&sd  fsr  tbs  grsaits  dsts  slsss  sr  tbs  tssalits 
dstA  sisas.  Tbos,  fsr  tbsss  pairs  sf  physical  prspsrtiss  and  tbsss 
rack  typss,  Tariatisa  la  rack  typs  appsarcd  is  bars  as  si^ifieaat 
sffsct  sa  tbs  quality  sf  ths  esrrslat.rsas  ebtaias^. 

Varans  vdya*  ^ tbrsngb  57  frapbienlly  illastrats 

tbs  fsasral  lack  sf  liasar  asssciatisa  sbssrrsd  w;  szist  bstvssa 
taafsat  Tsuag's  asdulus  sf  slasticity  aad  ultrassaic  Fsisssa's  ratis. 

Ccrrslatisa  cssfficisats  dstsmiasd  for  this  pair  sf  sariablss 
(fstkr  data  grsups)  vsrs,  ia  asst  casss,  apprsciably  la^gsr  tbaa  tbs 
k»oas  sbtaiasd  fsr  tbs  plats  sf  ultiaats  uaiazial  csa^rsssiTs  strsagtb 
rsrsas  Fri'^ssa's  ratis.  Szaaiaatisa  sf  tbs  scattsr  plats  (Figarss 
54  tbrsngb  S7>,  bsvsssr,  rsvsalsd  as  sigaificaat  trsads  to  szist 
bstvssa  tbs  tvs  Tariablss.  Tbs  bigbsr  ccrrslatisa  cssfficisct 
(yisldsd  by  tbs  Qrsnp  3 data)  bad  rssnltco  sslsly  frsa  tbs  Iscatisa 
sf  sight  data  paints,  ia  this  iastaacs,  psiats  sf  qusstisaabls 
validity  (valnss  cf  Psissoa's  ratis  vvrs  fait  to  bs  aarsprsssatatiTs) 
is  a aaaasr  as  as  ts  givs  dsfisits  srisatatisa  ts  tbs  Isast^squarsa 
lias  vitbsnt  iaersasiag  tbs  quality  sf  tbs  plot  ts  sas  sf  actual 
sigaificaacs  (Sss  Figure  50). 

Thus,  as  vas  tbs  cass  vitb  tbs  csrrtlatisa  sf  ultisMts  aai> 
azial  cssiprsasivs  strsagtb  vitb  ultrassaic  Fc'sssa's  ratis,  tbs 
csrrslatisas  dstsraiasd  fsr  taagsat  Tsuag's  asdulus  sf  slasticity 
Tsraus  ultrassaic  Fsisssa*o  ratis  vsrs  all  sf  littls  sr  as  practical 
Talus  frsa  a prspsrty  prsdictisa  pslat  sf  visv. 


cHArm  4 

CONCLCSIOKS  JlXB  SflCOlOUSmATieiCS 

Coocltt<i>M 

Bm*4  np«0  r*«ttlta  of  tho  phyoieal  property  tocto  comductod 
dorisf  thia  IsToatigatian,  aad  oo  linear  cerrelatiens  ef  the  rarieaa 
physical  prepartiee  dateraiaed  far  these  graaitas  sad  tasalitaa,  tha 
fallaviag  caacltiaiaaa  appear  Justified. 

(a)  Variatiaa  ic  graia  sits  rather  thaa  suhataatial  Tariatiea  ia 
perceatafs  axaeral  eaapasitieo  aad  gealagic  histary  as  allavad  vith- 
ia  the  caafiaes  ef  the  specific  rock  type  (taaalite)  appears  ta  be 
the  priaary  factar  respaasible  for  the  degree  of  scatter  typical  af 
data  plats  for  the  rarious  pairs  ef  physical  reck  properties  exaar* 
iaed  for  a specific  iatact  reck  type.  It  aust  be  kept  ia  »ind,  bsv- 
eeer,  that  the  tee  reck  types  used  ia  this  icYestigatieo  vare  bath 
iatrusire  igaaeus  racks  aad  vere  essaatially  ef  a beasgaaeeus  aad 
isotropic  nature.  Thus,  the  aboTo  conclusiea  should  be  restricted 
basically  ta  igaeaus  recks.  It  xs  felt  that  rariatiea  in  geologic 
history  vauld  baTo  substantial  influence  on  the  degree  af  scatter 
typical  af  rack  property  correlations  for  aetasarphic  aad  sadiaan- 
tary  rocks,  particularly  vbere  there  are  vide  variatieas  ;in  aagles  of 
iacliaatiaa  af  planes  of  shistasity  and  sediaentatioii,  and  in 
dagraes  af  ceaeatatien  and  recrystal tsatioc. 


w 


{\)  V«riAti*a  ia  rack  typa  appaara  ta  hara  a gaaarally  aaAa» 
airakla  iaflaaaea  aa  tha  quality  af  tka  earralatlaa  abtalaad  far 
▼ariaaa  paira  ef  radt  prapartias.  fkara  carralatiaaa  batvaaa  tva 
particular  phyaical  prapartiaa  dataraicad  far  rariaua  iadlTldoal 
rack  typaa  ara  qaita  dtffaraat  ia  dagraa  af  liaaar  aaaaeiatiaa,  aaal- 
faaatiaa  af  tha  aaallar  iadiridaal  carralatiaaa  iata  a aiufla  largar 
ralatiaaakip  iaaritably  raaulta  ia  a aacrifica  af  quality  aad  uaa- 
fullaaaa  af  tha  gaad  ralatiaaahipa  dua  ta  iatraductiaa  af  data 
ashibitiaf  laaaar  dagraaa  af  carralatian.  Thia  typa  af  aitaatiaa 
vaa  fauad  ta  axist  vbaa  tha  carraapaadiaf  Qraup  2 aad  Qraup  3 car- 
ralatiaaa vhich  iaaalTad  ultiaata  naiaxial  caaipraaaiTa  atraafth  aa 
aaa  Tariabla  vara  caabiaad  aad  avaluatad  aa  aiagla  graiq^  (Graqp  4) . 

A aiailar  aitaatiaa  vauld  raault  tha  variaua  phyaical  praparty 
carralatiaaa  far  tha  iadividual  rack  typaa  vara  af  a diffariaf 
aatura  (iacliaatiaa  ar  ariaatatiaa)  aueh  that  aaalfaaatiaa  af  tha 
indiridual  carralatiaaa  far  a aiafla  pair  af  prapartiaa  lata  aaa 
larga  graup  veuld  praduca  a larga  dagraa  af  acattar  aad  thua  a 
laaaar  dagraa  af  liaaar  aaeaciatiaa.  Thia  veuld  prabably  ba  aara 
likaly  ta  occur  vhan  graatly  diffaraat  rack  typaa  vara  iavalvad. 

(e)  A caapariaaa  af  linaar  catralatiaaa  iavalviag  ultraaaaic 
pulaa  Talacitiaa  vith  thaaa  iavalTiag  ultraaaaic  alaatic  aaduli 
iadicatad  that  liaaar  ralatiaaahipa  ia  vltich  aithar  ultraaaaic  ahaar 
■aduli  ar  ultraaaaic  Tauag'a  aaduli  vara  a^playad  aa  aaa  variabla 
vara  alightly  aupariar  in  quality  ta  aiailar  ralatiaaahipa  la  vhich 
ana  af  tha  ultraaaaic  pulaa  Talacitiaa  vaa  iarolTad.  Tha  dagraa 
af  aupariarity  did  nat  i^aar  graat  aaau^,  havarar,  ta  alaaa 


varrMit  the  additional  tiao  and  offort  nocassary  to  tho  dotorai- 
nation  of  tho  nltraaonic  olastic  conatanta. 

(d)  Corrolationa  vhich  oaplaj  ultraaenic  ahoar  pnlao  ralacity  aa 
ono  Tariablo  appear  to  bo  anporior  in  quality  to  aiailar  earrola- 
tiana  ioTolTing  nltraaonic  conpreaaional  pnlao  Tolocity  aa  ono 
▼ariablo.  Sboar  pnlao  ▼olocity  appoara  to  bo  tho  nltraaonic  pbya- 
ical  property  of  thoao  oxaaiinod  in  chia  atudy»  which  of fora  tho  boat 
poaaibility  for  linear  correlation  with  and  proliainary  prediction 
of  ultiaato  nniaxial  coaproaaivo  atrongth  and  tangent  (atatic) 

Young' a nodulna  of  olaaticity. 

(a)  It  dooa  not  appear  likely  that  ultraaonic  Toluoa  of  ?oiaaon'a 
ratio  hare  any  appreciable  ralue  in  the  area  rock  property  correla- 
tion and  prediction. 

RecoMoondationa 

km  indicated  proTieualy,  thia  inToatigation  waa  confined  to 
two  typea  of  igneoua  rocka.  It  la  auggeatod  that  aeroral  Tarietioa 
of  aotanorpbic  and  aediaontary  rocka  be  atudied  in  a aiailar  Banner 
to  dotoraiae  whether  or  not  the  tronda  obaerrod  in  tbia  inwaatiga- 
tion  are  typical  of  all  rocka  or  are  aorely  typical  of  ignoona  reck 
typea.  In  particular,  the  effocta  of  rariatioa  in  grain  aiae  on 
tho  degree  of  acatter  typical  of  pbyaical  property  corrolationa  for 
■etaaarphic  and  aediaontary  rocka  ahould  be  inweatigated,  aa  it  ia 
felt  that  Tariatien  goelogic  hiatory  aay  here  bo  of  priaary  iaqpor- 
tance  rather  than  rariatioc  in  grain  aise. 

ka  inreatigation  ahould  be  node  to  deteraine  the  extent  to  which 
phyairal  property  relatione  auch  aa  theae  InYoatigated  here  night  be 


b«tt«r  r«fr«s«ikt«4  ^ cwrriliBcar  e«rr*l*ti«M  r*tk«r  llacar 
c«rr«lati*M.  «f  th«  seatwr  diufTMui  in  till*  staiy  mf~ 

t*  W «f  A iiAtar*  tli«t  ai|^t  b*  b<»tt«r  rAfr^aAiitAd  bj  a 
sucABd  dAgr#*  eurir*.  la  AdditlAa,  a sAr*  txt^umir*  AtatiaticAl 
ABAljAia  (dAlArain*  c«afidAno«  liaito,  «tc.)  aifbt  b#  pArfanMd  t« 
dAtAmiat  tlM  prActicAl  TAln«  of  saeb  pbjAicAl  prApArtj  cxrflm- 
iioBA  far  prApArtj  prAdictiAc  porpASAA. 

CItrAAABiC  AhAAT  palAA  YAlACit^  And  ultTABABlC  AhAAT  aAdalOA 
ahAttld  bA  sArt  thArAOfUj  AzaaiBAd  far  haa  in  Atieb  phTAicAl  prAp-> 
Arty  CArrAlAtlABA.  It  vAald  appaar  that  tb«AA  ivn  altraAAaie 
prapartiAA  affar  tha  baat  pAABibilitier#  af  any  af  tba  ttltra£;^Anic 
prapartiAA  aaad  in  t.hia  isyaAtigatiAB. 
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i R«b*rt  Wayn*  Criap,  Maatar  af  Scianca,  1971 
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Uajarj  CItII  fitglnaaring 

Title  of  Thaaiai  Tha  Influanca  of  Variation  in  Grain  Sisa  an< 

i 

kiniaal  Variation  in  Back  Tjpa  on  tha  Quality  af 
Rack  Property  Correlationa  for  Intact  Ignaoua 
Bocka 

Diractad  byj  Dr.  Babart  k.  Scholtaa,  Head,  Dapartaiant  of  CiTil 
Engineering 

Pagaa  in  Tbaaiat  116.  lorda  in  Abatractt  874 

Correlation:*  phjaical  propartiaa  of  rock  and  pradictiona  of 
one  property  froa  a pra«'i9aaly  datarainad  ralne  of  another  property 
ahould  be  of  troBandoua  value  in  the  field  of  civil  engineering.  In 
partlealar,  auch  carralatiana  and  rock  property  predictiona  would 
expedite  aultipla  aita  evaluation  and  aalaction  prograaa,  and 
poaaibly  allow  for  reduction  in  tha  nuaber  of  varioua  taata  required 
to  dataraina  tha  phyaical  propartiaa  now  deeaad  neteaaary  far  cob- 
patent  deaign  and  canatructian  in  rack  aadia. 

Fraviaua  rack  property  carralationa  have  generally  ancoopaaaed 
aany  rack  typea,  tha  abjective  being  to  deteraina  general  relation- 
ahipa  typical  of  all  rock  typea.  The  data,  bawavar,  have  frequently 
exhibited  auch  a great  degree  of  ecatter  that  aubaequent  correlationa 


v«r«  »f  taIu*.  Th«a»  in  aa  affart  ta  alialaata  aa«a 

af  th«  aeattar  tjpical  af  aany  preriana  rock  ptapartj  carralatiaaa, 
thia  iavaatigatiaa  vaa  ea^doctad  ta  dataraina  tba  inflataca  af  Tari- 
atian  in  i^ain  aiaa  aud  Bliiiaal  rariat  lan  .^n  rack  typa  aa  tba 
f.ualitj  af  rack  prapartj  carr-datioiui  far  i&Vact  ifnaatia  rack  tjpaa. 

Fayaical  proparty  tacts  vara  canductad  an  79  cylindarical  spaci- 
ma’is  af  granita  and  tonal it<  rapraaanting  10  drill  aitati.  Valnaa 
af  ttltiaata  uniaxial  caapraatlva  stran^th  and  static  Young's  Visd> 
nloa  of  alasticity  (tangant)  vara  carralatad  vitb  valnaa  af  altra- 
aardc  canprasaianal  pnlaa  valacity,  nltraaonic  abaar  pulaa  valaeiiy, 
ultrasonic  Young's  aadolua,  ultrasonic  abaar  ■adalnst  nltraaonic 
bulk  aadaitta,  and  nltraaonic  Faisaan's  ratio  far  aacb  af  tba  fanr 
fal loving  graupa  af  apacinanat 

Group  It  All  tanalita  apacinana  tastad  fron  tba  Siarra  Xavada 
Satholitb,  California. 

Group  2i  All  tonal its  spaciaona  taatad. 

Group  3f  All  granita  spaci.'aana  taat«i. 

Group  4t  All  apacinana  teatad. 

Canparisan  af  tba  nature  and  qxiality  af  thaaa  linear  carrala" 
tiona  ravaalad  that  variation  in  grain  aixa,  aa  oppesad  to  varia- 
tion in  ninoral  conpoaition  and  geologic  'listory  aa  allavad  vithin 
the  canfinaa  of  a particular  rack  typo,  appears  ta  bava  primary 
infloanca  an  tba  dagraa  af  scatter  typical  of  rack  property  earrala- 
tir.na  far  a particular  intact  ignaoua  rack  type.  Maraavar,  rack 
vraporty  cerralatiana  involving  only  ana  ignaoua  typo  are  gan- 

orally  aupariar  ta  thaaa  involving  savarti  igaaaua  rack  typos. , tba 


latUr  cas*  fraquantly  suffariBg  fr?*  an  avarall  lack  af  qa«.V*.'«7  d«a 
ta  a iMTgar  dagraa  al  sr.attar  braught  about  hj  tba  asalganatias  af 
data  ralatiaasbipa  axhib^ti^ig  diffart&t  treoda  and  diffa^.  irt  da- 
grata  af  .A,.sar  aaaaciatxan. 


ivrtfDixi 


p£TROGIUJ*aiC  DiSCBITTIOXS 
AXO 


POLISHED  SECTION  PHOTOGRAPHS 


Mdiw  t«  coars«-fr»7  toulit*.  BictiU  vm  br^«a 
«b4  altered  te  ckler^te.  Mx.recliae  vaa  oaaltared  aad  aabrekaa. 


Ceo^esed  ef  29^  qaarts,  plafieelaae  feldcpar,  18^  petaaeiva 
feldapar  (aicroeliae) , aad  3%  bietlte  vitk  tracee  ef  aagaitita, 


^atite,  epheae,  slreea,  aad  calcite.  Very  fev  aierefractarea  aere 


detected. 


(b)  Graoit*  (Luc«ra«  Flutau,  Uajo*).  Black  and  vbita,  caaraa- 
fraisad  granite.  Porpbjritlc  taxtora.  SpacisaBa  vara  unvaatharad 
aad  contained  verj  fa*  aicrafracturaa.  Cantaiaad  qaartx,  30^ 
plagiaclaae  faldapar,  30%  potaaaiuB  faldapar  (aicroclina) , and  11^ 
biotita  71th  tracea  of  aagnitite,  apatite,  chlorite,  opidata,  aad 
baaatite.  Plagiaclaae  aaa  aligbtly  altered  ta  aericite. 


(e)  Qraait*  (r  «ait«  Vj9min§) . UavtBthartd 

br«vBi«h-gr»7,  (TBsit*.  mer«frBCt«r»a  v«rt 

CBMMB.  C«Bt«lB«d  SO^  quBrti,  SO^  plA(itclB«t  ftldapBr,  S9^  p«tB«- 
aiua  faldspBr  (aieracliB*) , 6^  biatli*,  1^  chl*rit«|  aad  1%  B*t~ 
attita  BBd  traeas  af  apidata,  apatita,  aad  lircaa.  i«ar'«.blta  caa- 
taat  af  tba  plafiaclaaa  vaa  16%.  Flagiaelaaa  vaa  alightlj  altarad 
ta  aaricita.  Biatita  vaa  alightlj  altarad  ta  ehlarita. 


% 


(d)  Ton«lite  (Sl«rr«  XvTsda  Bs.tbolitb,  California).  Fino- 
grainod,  dark  colored  rock.  Sactiona  v«re  fresh  and  contained  no 
■aero fractures.  Contained  18^  quarts,  \2%  plagioclase  feldspar, 
19^  hornblende,  13^  biotite,  A%  chlorite  and  traces  of  aicrocline 
and  other  acceasarj  lanarals.  The  biotite  vaa  slig^tlj  altered  to 


chlorite. 


(•)  Ivnalilt  (Sitrra  K«vad«  Batb^lith,  Califtrcia).  Mtdius-  t« 
c«ara*-grained.j  bl»ck  and  vhit*  Stctivca  vrtrt  fr^sh  and 

intact.  Pcrctntag*  ainaral  compoaitiont  aart  21^  quarts,  46^  plagi- 
•claaa  faldapar,  13^  harnblanda,  20%  biatita,  and  1%  chlarlta. 

Tracaa  af  microclina  vara  alaa  datactad.  Tha  biatita  iraa  alightlj 


zltarad  ta  cblari^a. 


(f)  (Sltrr*  Califtrela).  )i*dia»- 

graincd,  black  and  vbit*  tacalit#)  aucb  finar  graiaad  thac  tba 
••diuB-  ta  caaraa-(rain«d  taaalita  (•).  Sactiaaa  vara  aavaatharad. 
Parcaatagc  sineral  caapaaitiaaa  vara  19^  qaarts,  46^  plafiaclaaa 
faldapar,  2^  aicracliaa,  12^  barablaada,  aad  21^  biatita.  Tracat  af 
chlerita  aad  aagaatita  vara  alaa  datactad.  Tea  biatita  bad  baaa 
alii^tlj  altarad  ta  chlarita.  Ka  ■aerafractnraa  vrra  datactad. 


(rTOii'nrirn''!;  ” 711: 


(f)  Orasit*  (Varthwat  af  Laca  Orara  Flatan  aad  Eachaatad  Hack 
■atkalitli,  Taxoa).  Madiaat-fraiaad,  rad  graaita.  Saetiaaa  vara 


lataet  aad  vaaaatharad.  Mara  wiacarita  alea  praaaat  thaa  Matita 
aiea.  Farcaatafa  aiaaral  caa^aaitlaB  la  30^  qnarta,  26^  plafiaelaaa 
faldapar,  pataaaioa  faldapar  (alcraeUaa),  aad  9%  biatita  vith 


tracaa  af  barablaada  aad  chlarita. 


(h)  Gracit*  (Sharaas  Granite  Faciea  ef  Seutheni  Laraaic  Range). 
Li|^t~gra7,  cearse-grained  granite.  Cempeacd  ef  24^  quarts,  30% 
plagieclaee  feldspar,  32%  petaseiua  feldspar  (aicrecline) , 10% 
bietite,  4%  hemblende,  and  a trace  of  cblerite.  Ke  preexisting 
fractnre  surfaces  ceuld  be  detected. 


(l)  Qrulit*  (8««U«r«  L«rMii«  WjMiiBf).  t« 

c«ara*>fr»iB«d,  pia£c  franita,  parphTritic  tastvra.  ParcaBiBga 
■iBaral  ca^paaitlaB  is  qB«rts,  90^  pUfiaelssa  faldspsr,  34^ 
patBSsioB  faldspsr  (aicracllBa),  Matita,  1%  haniblaBda,  sad 
ehlarlta.  SactiaBS  sara  UBvastharad  »ad  ■Bcrascapicslly  fraa  af 


fraetaras. 


(j)  T#o*lit«  (C«dar  Citj  Utah).  Light-graj,  aadix 

(ra5.Dad  tanalit*.  ^!in*ral  caspaaitioD  la  2C^  quartz,  44%  plagia- 
claaa  faldapar,  3?  povaaaius  faldspar  (■icreclina),  21%  barnblasda, 
5%  biaiita,  6%  iccgnatiLa  vith  tracaa  cf  cblanta  and  atbar  accai- 
aarj  siotrala.  Bievita  aaa  allghtir  altarad  ta  chlarita. 
vara  oavaatbarad  and  xacroacapicallj  frae  cf  fractnraa. 


Spaciaaoa 


illlfclmilMiMUm 


(j)  r«nalit*  (C#dar  Citj  lonaliie,  Utah).  Light-gray,  aadiUB- 
grair.ad  tonalita.  Vintral  coEp««i  tioc  la  <;0«  quarti,  44^  plagi*- 
cl«««  faldapar,  3^  potaasius  faldipar  (u.i.r*cl  ina)  , 2lt  hornbltiad*, 
5f»  biatita,  6?  Eagnatit#  »it.h  tree#*  »f  chiarit*  and  •'tbar  aceta- 


'jary  lainsrala.  Biotin  vaa  alighily  al  tarad  ta  chlarita.  Spaciaaoa 
»ara  unaaatbarad  and  sacroac op i ta; ly  frae  of  fracturaa. 
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ifrofsii  II 
CRITICAL  VALUES 

or 


CORROjLTION  CO£FFICIB;tS 


Critical  Valoe*  (r^^)  of  Carr#;  atian  Caafficiaota 


Statiatieal 
Saapl* 
_Sil*  (n) 

21 

35 

35 

36 
40 
71 
79 


C.'itieal 
Va:.tta  (rcr) 

0.56 

0.43 

0.39 

0.40 

0.40 

0.30 

0.29 
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